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Measurement Invariance of an Essential Skills
Assessment for Students With and Without ACT
Testing Accommodations

Yao Sun, Jill McVey, and Cristina Anguiano-Carrasco

Accurate and equitable assessments are key for making valid comparisons and understanding
the impact of essential skills interventions across diverse student populations, including
students with disabilities (Klingner & Edwards, 2006). Measurement invariance, or whether an
assessment measures the same construct in the same manner across different groups, is
crucial for fairness in educational evaluations and for preventing biased conclusions (Kline,
2013).

This study was completed using data from ACT’s essential skills assessment for high school
students (ACT, 2024), which measures five essential skills: Sustaining Effort, Getting Along with
Others, Maintaining Composure, Keeping an Open Mind, and Social Connection. Each skill
aligns one-to-one with the Big Five personality framework (Walton et al., 2023). Our study
tested measurement invariance for a subset of items between two groups: students with and
without testing accommodations on the ACT®, which are given in line with the Americans With
Disabilities Act. Students receiving accommodations for disabilities include students with
neurodevelopmental disabilities (e.g., learning disabilities, ASD), physical-sensory disabilities
(e.g., visual impairment, deafness), and/or psychological disabilities (e.g., anxiety, depression).
Some examples of accommodations that students may receive include testing in a quiet
environment or having extra time. A measurement invariance analysis assesses whether a tool
measures the same constructs across groups equivalently (i.e., items show the same
psychometric properties regardless of group) and whether any observed differences in scores
reflect true differences rather than inconsistencies in measurement.

Method

Participants

The sample consisted of high school students in grades 9 through 12 who completed the
essential skills assessment between August 2020 and January 2021. Participants with and
without testing accommodations were matched based on demographic characteristics including
gender, race/ethnicity, and grade level. The matched dataset contains data from 477 students
without testing accommodations and 477 students with testing accommodations. Among the
students without accommodations, 207 identified as female, 266 as male, and 3 as another
gender; 1 student did not report their gender. In terms of race and ethnicity, 334 students
identified as White, 58 as Hispanic or Latino/a, 32 as Black or African American, 15 as
bi/multiracial, 6 as Asian, 14 as American Indian or Alaska Native, and 2 as Native Hawaiian or
Other Pacific Islander. An additional 16 students did not report their race or ethnicity. The
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sample included 262 students in 9th grade, 139 in 10th grade, 57 in 11th grade, and 19 in 12th
grade.

The sample of students with testing accommodations had a similar demographic composition.
Among them, 207 identified as female, 264 as male, and 2 as another gender; 4 students did
not report their gender. Regarding race and ethnicity, 336 students identified as White, 50 as
Hispanic or Latino/a, 33 as Black or African American, 15 as bi/multiracial, 2 as Asian, 13 as
American Indian or Alaska Native, and 1 as Native Hawaiian or Other Pacific Islander; 27
students did not report their race or ethnicity. This group included 263 students in 9th grade,
137 in 10th grade, 55 in 11th grade, and 22 in 12th grade.

Materials

Students completed a multi-method online assessment designed to measure five core essential
(ES) skills: Sustaining Effort, Getting Along with Others, Maintaining Composure, Keeping an
Open Mind, and Social Connection. These skills are aligned with the Big Five personality traits
and are assessed using three item formats: Likert-type items, situational judgment tests (SJTs),
and forced choice (FC) items. Likert items ask students to rate how much they agree with
specific statements, while SJTs present brief scenarios followed by possible responses that
students rate based on how likely they are to act that way. In contrast, FC items present sets of
equally positive statements and ask students to choose which statement is most and least like
them. While this format helps reduce social desirability and comparison to others, it reflects
students’ preferences for certain traits rather than indicating whether and to what degree
students actually possess a given trait. For this reason, FC items do not produce data that can
be used to compare groups in a measurement invariance analysis. Therefore, only Likert and
SJT items were included in the present analyses. Each ES skill was assessed using eight 6-
point Likert-type items. SJTs included two scenarios per skill, each followed by five behavioral
response options rated on a 5-point scale.

Data Analysis

Guided by measurement invariance theory (Vandenberg & Lance, 2000), we adopted
confirmatory factor analysis (CFA) to determine whether ES assessment items yield equivalent
results for students with and without ACT testing accommodations. We conducted a series of
increasingly robust measurement invariance analyses in R using the lavaan package (Rosseel,
2012). For each of the five factors measured in the assessment, we tested three levels of
measurement invariance: configural, metric, and scalar (Meredith, 1993; Vandenberg & Lance,
2000). Configural invariance refers to the condition in which the same factor structure is present
across groups, indicating that the construct is conceptualized similarly. Metric invariance (also
known as weak invariance) requires that factor loadings—that is, how strongly each item relates
to the underlying construct—be equal across groups, suggesting that items relate to the latent
construct in the same way. Scalar invariance (also known as strong invariance) involves equal
item intercepts across groups, allowing for meaningful comparisons of latent means. Metric
invariance is considered the minimum requirement, while scalar invariance is a more stringent
criterion for interpreting scores across groups in the same way (Putnick & Bornstein, 2016).
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To begin with, we ran CFA for each factor for all Likert and SJT items and retained only the
items that yielded good factor loadings (> .40) for further analyses. The measurement model for
each factor yielded satisfactory model fit (CFls and TLIs > .90, RMSEAs < .08, SRMRs < .06).

Then we tested the configural invariance of each of the five factors to confirm that the factor
structure of each one was consistent across groups (students with and without testing
accommodations). For each factor, we specified the two groups in the CFA model, then used a
chi-square test to compare the model fits before and after specification of the two groups. The
results showed that the model fits of all factors did not differ significantly before and after
specification of groups (ps > .05), thus supporting configural invariance.

Next we tested the metric invariance of each factor, meaning we tested whether factor loadings
were equivalent across groups. Similarly, for all factors, we constrained factor loadings so they
were equal across groups and ran a series of chi-square tests to compare the model fits of the
CFA models before and after constraining. The results showed that they did not significantly
differ (ps > .05), supporting a metric invariance of the factors.

Finally we tested scalar invariance by constraining the intercepts of the items so they were
equal for both groups. The results of the chi-square tests showed that the model fits significantly
dropped after we constrained the intercepts of the items across groups. This being the case, we
ran a series of score tests, or a Lagrange Multiplier test, to explore whether releasing one or
more constrained parameters in the model would improve its fit to the data (Bentler & Chou,
1992). The score tests also allowed us to detect items that were potentially causing non-
invariance in the measurement.

Results

The model fit indices of each step for each factor are summarized in Table 1. All the skills
except Getting Along with Others showed significant model fit decreases when intercepts were
constrained. In other words, we were able to establish full scalar invariance only for this subset
of the Getting Along with Others factor. For the other four factors, one to three problematic items
were identified (summarized and presented in Figure 1). After excluding items that were causing
non-invariance, we observed partial scalar invariance for these four factors.

An interpretation of the results is that while this subset of items generally supports reliable mean
comparisons between the with-accommodations and without-accommodations groups, some
items exhibited differing intercepts between the groups, indicating that students with and without
testing accommodations start from different points on the scale being measured. In other words,
for the same latent level of factor (for example, Social Connection), students with and without
accommodations reported being at different skill levels (for example, students without ACT
testing accommodations scored higher on an item about motivations to work when they are tired
than students with testing accommodations).
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Findings are summarized as follows:

¢ We established configural invariance, which indicates that the five factors being
measured are understood similarly by students in each group, thus supporting the
validity of the assessment’s factor structure for this subset of items.

¢ By confirming metric invariance, we ensured that responses can be meaningfully
compared across groups, as the association between items and the latent constructs is
consistent.

e We established only partial scalar invariance, which suggests that this subset of items is
effective for overall group comparisons but indicates potential biases introduced by
some items, specifically with the intercepts of the items.

e The final model included 9 items for the Getting Along with Others factor, 8 items for the
Keeping an Open Mind factor, 6 items for the Maintaining Composure factor, 10 items
for the Social Connection factor, and 14 items for the Sustaining Effort factor, supporting
cross-group validity for a version of the assessment that is suitable for comparing the
scores of students with and without testing accommodations.

In conclusion, our measurement invariance analysis provides evidence for the overall feasibility
of cross-group comparisons using this subset of items as it pertains to students receiving
accommodations. Results also highlight the necessity of careful interpretation due to partial
scalar invariance. Practitioners and researchers should be mindful of these limitations when
using the tool for cross-group comparisons.
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Table 1. Model Fit Indices of Measurement Invariance Models

Category
Getting Along
with Others

Keeping an
Open Mind

Maintaining
Composure

Social
Connection

Sustaining
Effort

X?(DF)

Configural 144.26(52)
Metric 158.10(60)
Scalar 168.84(68)
Configural 110.33(36)
Metric 116.03(43)
Scalar 151.28(50)***
Partial scalar 119.47(48)
Configural 60.14(16)
Metric 66.54(21)
Scalar 80.26(26)*
Partial scalar 75.19(25)
Configural 218.82(64)
Metric 231.47(73)
Scalar 262.35(82)***
Partial scalar 242.14(80)
Configural 398.13(124)
Metric 417.81(136)
Scalar 449.39(148)**

Partial scalar 431.60(145)

CFI

0.95
0.95
0.94
0.96
0.96
0.94
0.96
0.95
0.95
0.94
0.95
0.94
0.93
0.92
0.93
0.93
0.93
0.92
0.93

TLI

0.93
0.93
0.94
0.94
0.95
0.94
0.95
0.91
0.93
0.93
0.94
0.91
0.92
0.92
0.92
0.91
0.92
0.92
0.92

RMSEA SRMR

0.06 0.04
0.06 0.05
0.06 0.05
0.07 0.04
0.06 0.04
0.07 0.05
0.06 0.04
0.08 0.04
0.07 0.04
0.07 0.05
0.07 0.05
0.07 0.05
0.07 0.05
0.07 0.06
0.07 0.05
0.07 0.04
0.07 0.05
0.07 0.05
0.06 0.05

Note. The model fit was significantly different from the model fit in the previous step at the " p <
.05, " p<.01,and ™" p <.001 levels.
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Figure 1. ltem Intercept Comparisons of Students With and Without Testing Accommodations
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		45						Guideline 1.3 Create content that can be presented in different ways		Correct Structure - Warichu		Not Applicable		No Warichu elements were detected in this document.		

		46						Guideline 1.3 Create content that can be presented in different ways		Correct Structure - WT and WP		Not Applicable		No WP or WT elements were detected in the document		

		47						Guideline 1.3 Create content that can be presented in different ways		Article Threads		Not Applicable		No Article threads were detected in the document		

		48						Guideline 1.3 Create content that can be presented in different ways		Tagged Document		Passed		Tags have been added to this document.		

		49						Guideline 1.3 Create content that can be presented in different ways		Heading Levels		Passed		All Headings are nested correctly		

		50						Guideline 1.3 Create content that can be presented in different ways		Identify Input Purpose		Not Applicable		No Form Annotations were detected in this document.		

		51		4		Tags->0->22->1		Guideline 1.3 Create content that can be presented in different ways		ListNumbering		Passed		Please verify that a ListNumbering value of Disc for the list is appropriate.		Verification result set by user.

		52						Guideline 1.3 Create content that can be presented in different ways		Orientation		Passed		Document is tagged and content can be rendered in any orientation.		

		53						Guideline 1.3 Create content that can be presented in different ways		Header Cells		Passed		All table cells have headers associated with them.		

		54		5		Tags->0->25		Guideline 1.3 Create content that can be presented in different ways		Summary attribute		Passed		Table doesn't define the Summary attribute.		Verification result set by user.

		55						Guideline 1.3 Create content that can be presented in different ways		Tabs Key		Passed		All pages that contain annotations have tabbing order set to follow the logical structure.		

		56						Guideline 1.3 Create content that can be presented in different ways		Scope attribute		Passed		All TH elements define the Scope attribute.		

		57						Guideline 1.3 Create content that can be presented in different ways		Meaningful Sequence		Passed		No Untagged annotations were detected, and no elements have been untagged in this session.		

		58				Doc		Guideline 1.4 Make it easier for users to see and hear content including separating foreground from background.		Format, layout and color		Passed		Make sure that no information is conveyed by contrast, color, format or layout, or some combination thereof while the content is not tagged to reflect all meaning conveyed by the use of contrast, color, format or layout, or some combination thereof.		Verification result set by user.

		59				Doc		Guideline 1.4 Make it easier for users to see and hear content including separating foreground from background.		Minimum Contrast		Passed		Please ensure that the visual presentation of text and images of text has a contrast ratio of at least 4.5:1, except for large text and images of large-scale text where it should have a contrast ratio of at least 3:1.  Incidental content or logos are exempt.		Verification result set by user.

		60						Guideline 1.4 Make it easier for users to see and hear content including separating foreground from background.		Content on Hover or Focus		Not Applicable		No actions found on hover or focus events.		

		61						Guideline 1.4 Make it easier for users to see and hear content including separating foreground from background.		Images of text - OCR		Not Applicable		No raster-based images were detected in this document.		

		62		1,6,7,8		Tags->0->5->1,Tags->0->5->2,Tags->0->5->3,Tags->0->5->4,Tags->0->5->5,Tags->0->28->1,Tags->0->28->2,Tags->0->28->3,Tags->0->28->4,Tags->0->28->5,Tags->0->28->6,Tags->0->28->8,Tags->0->28->10,Tags->0->31->1->2,Tags->0->32->1->1,Tags->0->33->1->1,Tags->0->34->1->1,Tags->0->35->1->1,Tags->0->36->1->1,Tags->0->37->1->1,Tags->0->38->1->1,Tags->0->39->1->1,Tags->0->40->0		Guideline 1.4 Make it easier for users to see and hear content including separating foreground from background.		Non-Text Contrast		Passed		Please verify that all graphical elements have a contrast ratio of at least 3:1 against adjacent colors.		Verification result set by user.

		63						Guideline 1.4 Make it easier for users to see and hear content including separating foreground from background.		Reflow		Passed		Document is tagged and content can be rendered in any device size.		

		64						Guideline 1.4 Make it easier for users to see and hear content including separating foreground from background.		Text Spacing		Passed		Document is tagged and content can be rendered by user agents supporting tagged PDFs in any text spacing.		

		65						Guideline 2.1 Make all functionality operable via a keyboard interface		Character Key Shortcuts		Not Applicable		No character key shortcuts detected in this document.		

		66						Guideline 2.1 Make all functionality operable via a keyboard interface		Server-side image maps		Passed		No Server-side image maps were detected in this document (Links with IsMap set to true).		

		67						Guideline 2.2 Provide users enough time to read and use content		Timing Adjustable		Not Applicable		No elements that could require a timed response found in this document.		

		68						Guideline 2.3 Do not design content in a way that is known to cause seizures		Three Flashes or Below Threshold		Not Applicable		No elements that could cause flicker were detected in this document.		

		69						Guideline 2.4 Provide ways to help users navigate, find content, and determine where they are		Focus Not Obscured (Minimum)		Not Applicable		This criterion is not applicable to pdf files.		

		70						Guideline 2.4 Provide ways to help users navigate, find content, and determine where they are		Outlines (Bookmarks)		Passed		Bookmarks are logical and consistent with Heading Levels.		

		71				MetaData		Guideline 2.4 Provide ways to help users navigate, find content, and determine where they are		Metadata - Title and Viewer Preferences		Passed		Please verify that a document title of TITLE is appropriate for this document.		Verification result set by user.

		72						Guideline 2.4 Provide ways to help users navigate, find content, and determine where they are		Headings defined		Passed		Headings have been defined for this document.		

		73						Guideline 2.5 Input Modalities		Dragging Movements		Not Applicable		This criterion is not applicable to pdf files.		

		74		7,8		Tags->0->31->1->0,Tags->0->32->1->2,Tags->0->33->1->2,Tags->0->34->1->2,Tags->0->35->1->2,Tags->0->36->1->2,Tags->0->37->1->2,Tags->0->38->1->2,Tags->0->39->1->2,Tags->0->42->1->0		Guideline 2.5 Input Modalities		Target Size (Minimum)		Passed		Is the target of the pointer input constrained by the line-height of non-target text, or this particular presentation of the target essential or legally required? Pass if Yes, Fail if No.		Verification result set by user.

		75						Guideline 2.5 Input Modalities		Label in Name		Not Applicable		No Form Annotations were detected in this document.		

		76						Guideline 2.5 Input Modalities		Motion Actuation		Not Applicable		No elements requiring device or user motion detected in this document.		

		77						Guideline 2.5 Input Modalities		Pointer Cancellation		Not Applicable		No mouse down events detected in this document.		

		78						Guideline 2.5 Input Modalities		Pointer Gestures		Not Applicable		No RichMedia or FileAtachments have been detected in this document.		

		79				MetaData		Guideline 3.1 Make text content readable and understandable.		Language specified		Passed		Please ensure that the specified language (EN-US) is appropriate for the document.		Verification result set by user.

		80		5		Tags->0->25->0->1->0		Guideline 3.1 Make text content readable and understandable.		Language specified		Passed		Please ensure that a change in the Natural Language from EN-US to EL is appropriate for this tag, attributes and children (unless overriden by children)		Verification result set by user.

		81						Guideline 3.2 Make Web pages appear and operate in predictable ways		Consistent Help		Not Applicable		This criterion is not applicable to pdf files.		

		82						Guideline 3.2 Make Web pages appear and operate in predictable ways		Change of context		Passed		No actions are triggered when any element receives focus		

		83				Pages->0		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 1 contains content but does not define header or footer pagination artifacts. Please confirm this is correct.		Verification result set by user.

		84				Pages->7		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 8 does not contain footer Artifacts.		Verification result set by user.

		85						Guideline 3.3 Help users avoid and correct mistakes		Accessible Authentication (Minimum)		Not Applicable		This criterion is not applicable to pdf files.		

		86						Guideline 3.3 Help users avoid and correct mistakes		Redundant Entry		Not Applicable		No form elements requiring redundant information detected in this document.		

		87						Guideline 3.3 Help users avoid and correct mistakes		Form fields value validation		Not Applicable		No form fields that may require validation detected in this document.		

		88						Guideline 3.3 Help users avoid and correct mistakes		Required fields		Not Applicable		No Form Fields were detected in this document.		

		89						Guideline 4.1 Maximize compatibility with current and future user agents, including assistive technologies		4.1.2 Name, Role, Value		Not Applicable		No user interface components were detected in this document.		

		90						Guideline 4.1 Maximize compatibility with current and future user agents, including assistive technologies		Status Message		Not Applicable		Checkpoint is not applicable in PDF.		
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